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ABSTRACT 

The vacuum distillation method for  determining oxygen in alkali metals was applied 
to lithium. In this method the nonvolatile inpurities, assumed to be  lithium monoxide, 
a r e  separated from the volatile lithium by heating the lithium sample in high vacuum. 
The alkalinity o r  the lithium content of the impurities is then converted to an oxygen con- 
centration. Method reproducibility was determined a t  the 30 and 80 ppm oxygen levels. 
Method accuracy was evaluated through quantitative oxygen additions and recoveries, 
estimation of the method blank, and characterization of the distillation residue from the 
lithium- oxygen system. 
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DETERMINATION OF OXYGEN IN LITHIUM BY THE VACUUM 

DISTILLATION METHOD 

by Randall  F. Gahn 

Lewis Research Center  

SUMMA RY 

The vacuum distillation method for  determining oxygen in alkali metals has been ap- 
plied to lithium. In this method the nonvolatile impurities, assumed to be lithium monox- 
ide, a r e  separated from the volatile lithium by heating the lithium sample in high vacuum. 
The alkalinity o r  the lithium content of the impurities is then converted to an oxygen con- 
centration. 

Method reproducibility for  five lithium ser ies  was found to be +? parts  pe r  million at 
the 30 parts  per  million oxygen level and *22 par t s  pe r  million at the 80 parts  per  million 
oxygen level. Method accuracy studies indicated (1) an average of 94 percent of the oxy- 
gen added to a lithium sample at the 138- and 276-microgram oxygen levels was recov- 
ered; (2) the method blank was found to be 0*3 micrograms oxygen over a lithium sample 
range of 0 . 3  to 1 .2  grams; (3) the distillation residue, recovered from the lithium- 
oxygen system, was primarily lithium monoxide. 

ing technique for determining oxygen in lithium to levels less than 30 parts  pe r  million. 
The results of this investigation indicate the vacuum distillation method is a promis- 

INTRODUCTION 

Interest  in  the use  of lithium as a heat-transfer fluid in nuclear reactor systems has 
created a need for  improved analytical methods for determining impurities in lithium. 
Lithium is an attractive alkali metal for heat t ransfer  because of its light weight, high 
heat capacity, wide liquidus range, and low vapor pressure.  However, alkali metals in 
general are very corrosive when oxygen is present as an impurity, either in the alkali 
metal o r  in its container. Therefore, oxygen analysis of lithium used in corrosion test- 
ing programs is essential. 



Several methods fo r  analyzing f o r  oxygen in lithium are available, but they have 
numerous drawbacks such as complex procedure, side reactions, and high blanks. Pro- 
posed methods are the liquid ammonia method by Jaworowski, Potts,  and Hobart (ref. 1); 
high- temperature fluorination technique by Goldberg (ref. 2); neutron activation by Bate 
and Leddicotte (ref. 3); and the method of oxide oxygen conversion to water followed by 
Karl Fischer titration proposed by Sax and Steinmetz (ref. 4). 

Although all these methods have been useful, there  is still need for a simple, eco- 
nomical method which can be used on a routine basis to determine oxygen in lithium to 
less than 30 par ts  per  million. In the study reported herein, the vacuum distillation 
method, which has been applied to sodium and potassium, was extended to lithium at low 
oxygen levels. In this method the nonvolatile impurities, assumed to be lithium monox- 
ide, are separated from the volatile lithium by heating a lithium sample in high vacuum. 
The alkalinity o r  the lithium content of the impurities is then converted to an oxygen con- 
centration. The method was evaluated for  reproducibility and accuracy. 

EXPERIMENTAL APPARATUS AND PROCEDURE 

L i t h i u m  Samples 

The five lithium se r i e s  used in these studies were  purified by two different tech- 
niques - distillation and hot gettering. The distilled lithium was designated as Series I 
and 11; the hot-gettered lithium was designated as Series  111, IV, and V. 

e r s  to 0.95 centimeter in diameter by 17.1 centimeters long stainless-steel tubes and 
then stored in vacuum until used. For all analyses, samples were extruded from the 
sample tubes. 

The lithium for each ser ies  was transferred from 454-gram stainless-steel contain- 

Vacu u m D i st i I 1 at ion 

Apparatus. - The vacuum distillation apparatus shown in figure 1 consists of an ex- 
truder section, a pressure  monitoring section, and a vaporization section. The appara- 
tus is fabricated of stainless steel except for  the distillation section, which is made of 
glass. The middle section is connected to a vacuum diffusion pump through a liquid ni- 
trogen cold trap. The vaporization unit, made of heat-resistant glass, is connected to 
the metal system with an O-ring joint. Either one crucible, 2.54 centimeters in diam- 
eter  by 2.54 centimeters long, o r  three crucibles, each 1.27 centimeters in diameter by 
2. 54 centimeters long, can be  placed in the stainless-steel crucible holder. Tantalum 
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Figure 1. -Analytical apparatus for vacuum disti l lation of alkali metals, 
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o r  molybdenum crucibles were  used. A niobium foil- covered tantalum susceptor- cover 
is placed over the crucible holder. A l l  operations within the apparatus are carr ied out 
under a pressure  of 7 ~ 1 0 - ~  to r r  o r  less. Wilson seals are employed to permit  manipu- 
lation in vacuum of the various moving par t s  (shown in fig. l), which are the extruder 
piston, hot-wire cutoff mechanism, waste tray,  mechanical finger, and crucible holder. 
A 22 -kilowatt induction heater is used to heat the susceptor- cover. The crucible tem- 
perature,  taken as that of the crucible holder, is measured in the base of the crucible 
holder with a Chromel-Alumel thermocouple. 

makes it essential that the lithium be protected from atmospheric contamination during 
sampling and distillation. In this work all operations were  performed in high vacuum. 

was  evacuated. The crucible assembly was placed inside the glass envelope, and the en- 
velope was connected to the vacuum system and evacuated. The crucible was then out- 
gassed at 750' to 800' C for  at least 1/2 hour. Following the outgassing period, the cru- 
cible was raised to the extruder section, and the susceptor-cover was removed with the 
mechanical finger. When the crucible had cooled to room temperature and an operable 
vacuum of 7X10-6 to r r  o r  less was obtained, the analysis was begun. 

then extruded into the crucible and cut off with the hot-wire cutoff mechanism. 
susceptor-cover was placed over the crucible, and the crucible was lowered to the distil- 
lation section. Heat was applied to the susceptor-cover while the glass envelope was ex- 
ternally cooled by means of an air blower. In the temperature range 350' to 400' C, va- 
porization of lithium could be observed. The temperature was increased to 700' C a t  the 
rate of approximately 5' C per  minute. 
f o r  at least 1 hour. 
the glass envelope. 
the lower half of the glass chamber. 

At the completion of the distillation the crucible was allowed to cool to room tempera- 
ture, the glass chamber was  backfilled with argon, and the crucible was removed. The 
crucible was rinsed with distilled water and the basic solution was titrated with 0.010 nor- 
mal sulfuric acid (H2S04) to the methyl red end point. In some cases  following titration, 
the solution was analyzed for  lithium by flame photometry. 

The lithium sample weight was  calculated by measuring displacement of the extruder 
piston. The piston was calibrated by extruding lithium samples of varying s ize  (mea- 
sured by the number of turns of the extruder handle), dissolving the lithium in water,  and 
titrating an aliquot of the basic solution with 1.0 normal H2S04 to the methyl red end 
point. Reproducibility for the sample weight determined by this technique is *2 percent. 

1 

Procedure. - The extreme reactivity of lithium with oxygen, nitrogen, and moisture 

A sample tube filled with lithium was placed in the extruder, and the extruder section 

The lithium sample tube holder was heated to 66' C to soften the lithium, which was 
The 

The crucible was held at the final temperature 
Condensation of the lithium vapor took place on the inner surface of 
The susceptor-cover acted as a baffle directing thelithium vapor to 
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Quant i tat ive Oxygen Addi t ions to L i t h i u m  

Quantitative oxygen additions to lithium samples were made in the distillation appara- 
tus. Following the lithium sampling, the crucible and lithium (without the susceptor- 
cover) was lowered to the distillation section. 
300' C, and the distillation chamber was valved off from the rest of the apparatus. A 
standard volume of gaseous oxygen was admitted and allowed to react with the lithium. 
Quantitative reaction of the oxygen with the lithium was observed with a thermocouple 
gage on the distillation section; that is, the pressure  after the reaction was the same as 
before the oxygen addition. After the uptake of oxygen, the distillation section w a s  opened 
to the vacuum system, and the crucible was raised to the extruder where the susceptor- 
cover was put in place. The crucible assembly was then lowered to the distillation sec- 
tion and the lithium distillation accomplished as previously described. 

The lithium in the crucible w a s  heated to 

D i s t i I I at i o n  Res id  u e C h a  racte r izat ion  Studies 

The nature of the compound obtained from the lithium-oxygen system subjected to the 
distillation conditions w a s  determined by adding oxygen (nonquantitatively , in the range of 
10 to 50 mg) to a molten lithium sample, performing the normal distillation procedure 
and then recovering the residue in an uncontaminated condition for  X-ray diffraction and 
chemical analysis. The technique for recovering and identifying compounds of this nature 
is described in reference 5. 

Oxygen w a s  added to the lithium by submerging the tip of a 1.6-millimeter-diameter 
stainless-steel tube from the oxygen source into the molten lithium. Oxygen was bubbled 
through the lithium at a dynamic vacuum system pressure  of 2 X 1 0 - 4  to r r .  No  quantitative 
measure of oxygen was made. Following the reaction period a normal distillation run was 
made and the residue was recovered for analysis as described in reference 5. 

RESULTS AND DISCUSSION 

The tests described in this report  were  made to prove the feasibility of the vacuum 
distillation technique for the determination of oxygen in lithium. 
ducibility and accuracy of the method had to be demonstrated. 

To do this the repro- 

Reproducibi! ity 

Data for  method reproducibility are given for  five lithium se r i e s  in table I. Oxygen 
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TABLE I. - METHOD REPRODUCIBILITY 

11- 1 
11- 1 
11- 1 
11- 2 

1 

Lithium 
ser iesa  

792 
396 
594 

1056 
1188 
462 
330 

I Average 

I 

Lithiun 
sample 
weight, 

mg 

264 
92 

396 
264 
264 
528 
396 
132 

Oxygen, 
PPm 

2 1  
30 
37 
36 
2 1  
13 
19 
24 

25( U =  *8 

30 
22 
35 
29 
32 
38 
29 

b 

; 1 ( 0 =  i 5 )  

Lithiun 
ser iesa  

111- 1 
111- 1 
111- 1 
111- 2 

Lithium 
sample 
weight, 

mg 

396 

792 

Average 

Average 

v- 2 
v- 2 528 

Average 

Oxygen, 
PPm 

6 1  
73 

107 
59 
65  
60 
95 

74(u  = 4 9 :  

9 1  
92 
73 
32 
85 

109 

3 0 ( ~  = +26) 

122 
78 
87 
9 1  
62 

38(0 = i 2 2 )  

"Series I and 11 lithium were purified by distitlation. Series 111, 
IV, and V lithium were purified by hot-gettering. 

bu = Standard deviation. 

resul ts  for  Series I and 11 lithium (purified by distillation) were  25+8 and 31+5 par ts  per  
million oxygen, respectively. Oxygen results for Series 111, IV, and V lithium (purified 
by hot-gettering) were 74+19, 80+26, and 88+22 par t s  per  million oxygen, respectively. 
The oxygen concentrations were calculated assuming the distillation residue was com- 
pletely lithium monoxide (Li20). 

It should be noted that this method can be used to make multiple simultaneous deter- 
minations on replicate samples. In this work, as many as three simultaneous determina- 
tions were made. The upper l imit  for the number of simultaneous determinations is de- 
termined by the physical s ize  of the particular system used. 

6 



Accuracy 

Three types of tests were made to determine the accuracy of the vacuum distillation 
technique: estimation of the method blank, quantitative addition and recovery of oxy- 
gen, and identification o r  characterization of the distillation residue f rom the lithium- 
oxygen system. 

The method blank for  the distillation method was estimated for Series 11 lithium by 
plotting the oxygen values against sample size (fig. 2) for  sample weights varying f rom 

Lithium sample weight, mg 

Figure 2. - Method blank determination. Method blank = ordinate intercept = 

0 * 3 micrograms oxygen. 

about 0.3 to 1 .2  grams. The intercept of the least-squares line at zero sample weight 
yielded a blank value of 0+3 micrograms oxygen. Even though a zero blank was obtained, 
the standard deviation of this value is evidence that the zero blank was fortuitous. There 
is undoubtedly some oxygen pickup during the distillation procedure which should be re- 
flected in the blank. 
la rger  sample weight range should be analyzed. However, even if the blank is not zero 
but of the order  of several  micrograms oxygen, it is still insignificant if large samples 
(at leas t  1 g) a r e  used in the analysis. 

Results of quantitative oxygen additions to lithium to evaluate method accuracy are 
given in table II. 
by flame photometric analysis of the alkaline solutions were converted to an equivalent 
oxygen value. The average oxygen value was compared with the sum of the oxygen present 
initially and the oxygen added. Oxygen recoveries were between 89 and 98 percent, aver- 
aging about 94 percent. 

4 For a more critical blank determination, additional samples over a 

A 

The alkalinity results obtained by titration and the lithium results found 
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TABLE II. - mCOVERY O F  QUANTITATIVE OXYGEN ADDITIONS 

content 

photometry 

38.4 39 .1  
6.8 6.9 

14.1 14.5 
39.0 41.8 43.3 

18.3 18.6 

ser ies  

%I 

Lithium 
sample 
weight, 

mg 

330 
330 
330 
330 

TO LITHIUM 

Oxygen, Pg I Percent 

Present 

8 
29  
2 9  
19 

Addec 

138 
138 
276 
276 

Founda i 
Titra- 
tion 

134 
143 
298 
280 

Flame 
photom- 

etry 

139 
153 
302 
288 

, 
Average 

137 
148 
300 
284 

94 
89 
98 
96 

aCalculated assuming residue to be LizO. 
%ot-gettered lithium. Average oxygen concentration from three de- 

terminations was 58 ppm. 

TABLE III. - CHEMICAL ANALYSIS OF 

DISTILLATION RESIDUE 

14.9 
31.3 
93.2 
40 .1  

aCalculated assuming residue to be Li20. 

Chemical analysis results of the lithium-oxygen system distillawam r e s i u e  charac- 
terization studies a r e  shown in table I IP .  The alkalinity results obtained by titration were 
converted to lithium values. Lithium values found by both flame photometry and titration 
are compared with the theoretical lithium values. The good agreement of results indi- 
cates the residue to be Li20. 

X-ray diffraction patterns of the residue were obtained, and a typical pattern is com- 
pared with that of L i20  (ref. 6) in table IV. The good agreement further confirms that the 
residue is primarily Li20. 

i 
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TABLE N. - X-RAY DIFFRACTION ANALYSIS OF 

DISTILLATION RESIDUE 

Miller 
ndices, 
(W 

( C )  

111 
200 
( C )  

(C)  

220 
311 
( C )  

400 
331 
( C )  

422 
511 
440 
531 

aReference 6 

Interplanar 
distance, 

d, 
&or cm) 

------ 
2.664 
2.306 
----- 
----- 
1.6307 
1.3906 
---_-- 
1.1531 
1.0580 
------ 

.9413 

.8875 

.8151 

.7794 

This work 

Interplanar 
distance, 

Qor cm) 
d, 

3.100 
2.667 
2.304 
2.047 
1.959 
1.625 
1.385 
1.326 
1.153 
I. 057 
1.034 

.9409 

.8881 

.8154 

.7797 

[ntensityb 

vvw 
VS 

m 
vw 
vw 
vs  

m- s 
VVW 

m 
m 

w 
s 

m 
m 
s 

aLiZO prepared by heating lithium hydroxide at 650' C in 

bIntensity code: s, strong; m, medium; w, weak; v, very. 
'Unidentified lines that did not appear in analysis of ref. 6. 

vacuum. 

The results of the distillation residue characterization studies indicate, however, 
that the residue may not be pure Li20,  but probably contains a very small amount of a 
second phase. Evidence of a second phase is seen from the five unidentified lines on the 
X-ray diffraction pattern and from the chemical analysis of the residue as indicated in 
table III. 

uct shows that preparation of low-oxygen standard-lithium samples can be made for  the 
calibration of the distillation method. It should be noted, however, that the lithium used 
in these studies was of high purity and the effect of other elements, such as the intersti- 
tial elements or  the alkali and alkaline earth metals, on the oxygen determination has not 
be en established. 

The quantitative addition of oxygen and the recovery of L i20  as the nonvolatile prod- 

. 

SUMMARY OF RESULTS 

The vacuum distillation method for  determining oxygen in alkali metals was applied 
to lithium. The method was evaluated for  reproducibility and accuracy. 

1% 
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In this method, the lithium sample is heated in a molybdenum or  tantalum crucible in 
vacuum to 700' C for  several  hours to distill off the lithium. After cooling, the crucible 
is rinsed with water and the solution analyzed for  alkalinity and in  some cases for  lithium 
content. The oxygen concentration is calculated assuming the distillation residue is en- 
tirely lithium monoxide. 

Method reproducibility, as determined from 33 determinations on five lithium ser ies ,  
was found to be  +7 par t s  pe r  million at the 30 par t s  pe r  million oxygen level and +22 par t s  
p e r  million oxygen at the 80 par ts  per  million oxygen level. 

and recovery of oxygen, (2) the estimation of the method blank, and (3) the characteriza- 
tion of the lithium- oxygen system distillation residue. Quantitative additions of gaseous 
oxygen (138 and 276 pg levels) to 0.33 gram molten lithium samples indicated that an av- 
erage of 94 percent of the oxygen was recovered following the distillation procedure. 
The oxygen addition technique described provides a method for preparing low-oxygen 
standard lithium samples for calibration of the method. 
as 0+3 micrograms oxygen. Although a zero blank is unlikely, the value was insignificant 
at the oxygen levels reported. Chemical and X-ray diffraction analyses indicate the resi-  
due w a s  primarily lithium monoxide. 

The resul ts  of this investigation indicate that the vacuum distillation method is a pro- 
mising method for determining oxygen in lithium to l e s s  than 30 parts  per  million. 
effect of other impurities in the lithium, such as the interstitial elements o r  the alkali and 
alkaline earth metals, on the oxygen determination has not been established. The method 
is not complicated by purity o r  reagents, tedious procedures, o r  high blanks, as were 
previous methods. 

Method accuracy was evaluated by the following tests:  (1) the quantitative addition 

The method blank was estimated 
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